Combined epidural infusion oflocal anaesthetics and opioids has been proposed for postoperative analgesia. 1 Fentanyl is favoured as an epidural opioid because it has high lipid solubility and is considered unlikely to cause delayed respiratory depression. 2 -4 This report outlines three cases of respiratory arrest during epidural infusion of bupivacaine and fentanyl.
Case 1
A 64-year-old, 81 kg man, ASA physical status Ill, presented with a malignant atypical carcinoid tumour of the left lower lobe bronchus. His past history included essential hypertension, cerebral arterial disease and uneventful, unrelated surgery. A cerebral CT scan was negative.
Preoperative treatment included the use of salbutamol and beclamethasone inhalers, methyldopa 250 mg bd, and oral prednisone 30 mglday.
Premedication included papaveretum 15 mg and scopolamine 0. Accepted for publication November 26, 1990 fentanyl 25 fJ.glml was injected through an epidural catheter inserted at the T 6/7 interspace. The infusion was continued at a rate of 4 ml per hour, anaesthesia maintained with enflurane in oxygen, and a left pneumonectomy was performed without complication.
Five hours after surgery the rate of epidural infusion was increased, because of pain, to 5 ml/hr (bupivacaine 10 mg and fentanyl 125 fJ.g per hour). After this the patient was consistently pain-free, drowsy, but easily rousable to voice, with a respiratory rate between 18 and 22 per minute.
Seventeen hours after surgery, the patient was found unconscious, unresponsive, dusky, with an obstructed airway and feeble respiratory efforts. Sinus rhythm was present, with an arterial pressure of 110/80 mmHg. Following resuscitation with bag and mask ventilation the patient had a spontaneous respiratory rate of eight per minute but was still unconscious. Following naloxone 0.2 mg IV the patient awoke with a respiratory rate of twelve per minute.
The epidural infusion was continued at a reduced rate (1-2 mlIhr) until 46 hours after surgery when apnoeic spells of up to ten seconds were observed despite a basic respiratory rate of fourteen per minute. 
Case 2
A 70-year-old, 51 kg woman, ASA physical status 11, with longstanding bronchiectasis, presented for lobectomy. Her past medical history included mild hypertension treated with felodipine.
Premedication was temazepam 20 mg. After anaesthesia was induced, bupivacaine 0.5%, 7.0 ml and fentanyl 300 J.1g were injected via an epidural catheter inserted at the T 4/5 interspace and an infusion of 0.2% bupivacaine and 20 J.1g1ml fentanyl started at 3 mVhr. Anaesthesia was maintained with enflurane in oxygen and a right middle lobectomy was performed. During surgery gentamicin 120 mg and pancuronium 8 mg were given intravenously. The patient was slow to awaken but was extubated twenty minutes after reversal without signs of respiratory depression or distress.
Shortly after awakening the patient was given, for pain, a 2 ml bolus from the epidural infusion syringe and the rate increased to 4 mVhr. After this she was sleepy but rousable and her respiratory rate was 18/min. Three hours after the end of surgery she developed slow noisy breathing which rapidly progressed to apnoea: the ECG showed sinus rhythm and the arterial blood pressure was 130170 mmHg. There was no response to the insertion of a Guedel airway and no spontaneous respiratory efforts or signs of consciousness during twenty minutes of bag-and-mask ventilation. After two IV doses of naloxone 0.4 mg the patient woke fully: blood gases taken after the first dose of naloxone showed pH 7.2, PaC02 67 mmHg, P a o 2 76 mmHg. At this stage testing with ice demonstrated the absence of significant segmental anaesthesia; injection of bupivacaine 0.5% 5 rnl through the epidural catheter produced a block from T4-T8.
Continuing pain was treated with a morphine infusion.
Case 3
A 53-year-old, 82 kg woman, ASA physical status Ill, who had a well differentiated adenocarcinoma of the colon removed two years previously, presented for excision of a lung secondary and abscess which were causing disabling symptoms. Preoperative medications were temazepam, paracetamol, and pholcodine linctus.
Premedication was oral diazepam 20 mg. After anaesthesia was induced, 8 ml of a mixture of bupivacaine 0.2% and fentanyl 25 J.1g1ml was injected through an epidural catheter inserted at the T4/5 interspace. The infusion was continued at 3 mllhr, anaesthesia was maintained with halothane in oxygen, and a right upper lobectomy was performed.
Four hours after surgery, because of pain, the epidural infusion rate was increased 4 mllhr (bupivacaine 8 mg and fentanyl 100 J.1g per hour). Analgesia was then good except for some discomfort during physiotherapy. The respiratory rate ranged from 10 to 26 per minute. At 26 hours after surgery, severe pain returned and was not relieved fifteen minutes after a 5 ml bolus from the infusion syringe. A leak was detected at the junction between catheter and filter and a further 7 ml was given with subsequent onset of partial analgesia.
Twenty minutes later the patient became unconscious, apnoeic, cyanosed and did not respond during intubation of the trachea. The ECG showed sinus rhythm and the systolic blood pressure rose from 85 to 160 mmHg after ephedrine 12 mg IV. Twenty minutes later the patient began to respond to pain and voice, and woke fully after 0.4 mg of naloxone IV.
The patient's continuing pain was treated with 10 mg doses of intramuscular papaveretum without signs of respiratory depression.
None of the patients had a significant history of alcohol intake or epilepsy, none had respiratory distress following surgery, and all were nursed supine or sitting in an intensive care unit, with ECG monitoring and oxygen by facemask. Postoperative supplementary analgesics were not used prior to any of the collapses. On awakening, none of the patients demonstrated upper limb or cervical muscle paralysis. There was no evidence of syringe pump malfunction. The cardiac arrest team was called to each case. DISCUSSION The cause of these respiratory arrests cannot be determined with certainty. However, each patient responded dramatically to naloxone, and no patient woke with evidence of cephalad extension of the local anaesthetic block. Therefore it is likely that the respiratory depression was caused by the opioid, and unlikely that there was relative overdosage of local anaesthetic or intrathecal migration of the epidural catheter tip. Systemic bupivacaine toxicity is also unlikely as there were no convulsions or dysrhythmias, and, apart from sedation, no premonitory signs or symptoms. Also, two of the patients received further bupivacaine without recurrence of their symptoms.
The respiratory depression in case 3 occurred twenty minutes after a bolus dose and could have been caused by systemic absorption of fentanyl, although the unconsciousness was profound and of dramatic onset. In contrast the respiratory depression in cases 1 and 2 occurred during stable infusion of 1.9 and 1.6 J.1g/kglhr of fentanyl respectively. Profound respiratory depression did not recur despite each patient receiving further opioids within two hours of collapsing. This suggests that stopping or reducing the epidural infusion rapidly reduced the cause of the respiratory depression, and the patients were not unduly sensitive to opioids.
Controlled studies have demonstrated mild respiratory depression following lumbar epidural fentanyl. Single doses of 200 Jlg 4 ,5 and infusion of 1.0 Jlglkglhr 6 do not affect the resting minute volume or end-tidal carbon dioxide concentration, but obtund the ventilatory response to carbon dioxide. Negre et al. 4 found that epidural fentanyl caused greater respiratory depression than an equal intramuscular dose, despite producing significantly lower blood levels. Thoracic infusion of fentanyl at 1-2 Jlg/kg/hr has been recommended for postoperative analgesia following thoracic surgery.2 On the other hand, there are two case reports 7 ,8 where nausea, profound sedation, and respiratory depression occurred 70 and 100 minutes following single lumbar injection of 1 00 Jlg of fentanyl.
The CNS depression could have been caused by direct spread to the brain stem. Paradoxically the more lipid-soluble opioids may travel cephalad more quickly than morphine. 9 1t is not known how this phenomenon could occur.
The present cases have several features recognised as risk factors for delayed respiratory depression with epidural morphine: old age,IO debilitation,IO thoracic injection,IO raised intrathoracic pressure 10 (may have occurred during incentive spirometry and 'huffing' cough techniques), and concurrent postoperative epidural local anaesthetics, which Rawal et al. II implicated in seven out of thirteen cases of delayed respiratory depression.
Intermittent counting of the respiratory rate in an intensive care unit did not prevent respiratory arrest in these patients. Continuous pulse oximetry may have given early warning of respiratory depression: however, all of these patients were breathing approximately 40% oxygen and severe hypoventilation could have occurred before significant desaturation was detected.
Approximately 500 post-thoracotomy patients have been treated at this institution with combined epidural infusion ofbupivacaine and fentanyl. Few patients have shown signs of respiratory depression. These three cases represent the most serious complications encountered and suggest that there is significant risk of respiratory depression. On the other hand it is not known how many serious complications would have occurred had a non-epidural technique been used. The clinical experience at this institution supports those investigators who have found that postoperative epidural analgesia significantly reduces overall respiratory and cardiovascular complications. 12, 13 The optimal concentrations of bupivacaine and fentanyl have not been clearly determined. It is possible that more dilute solutions or a lower ratio of fentanyl to bupivacaine may produce less morbidity without affecting analgesic efficacy.
These cases demonstrate that profound, unheralded respiratory depression may occur during concurrent fentanyl and bupivacaine thoracic epidural infusion. In this institution this has not occurred in patients receiving less than 1.6 microgram/kglhr of fentanyl.
